Synaptic upregulation and superadditive interaction of dopamine D2- and μ-opioid receptors after peripheral nerve injury.
A sound strategy for improving the clinical efficacy of opioids involves exploiting positive interactions with drugs directed at other targets in pain pathways. The current study investigated the role of dopamine receptor D2 (D2R) in modulation of spinal dorsal horn excitability to noxious input, and interactions therein with μ-opioid receptor (MOR) in an animal model of neuropathic pain induced by spinal nerve ligation (SNL). C-fiber-evoked field potentials in the spinal dorsal horn were depressed concentration dependently by spinal superfusion with the D2R agonist quinpirole both in nerve-injured and sham-operated (control) rats. However, quinpirole-induced depression was significant at 10 μmol/L after SNL but only at 100 μmol/L in control rats. This quinpirole effect was completely abolished by MOR antagonist CTOP at subclinical concentration (1 μmol/L) in nerve-injured rats, but was unaltered in sham-operated rats. Nine days after SNL, D2R was upregulated to both presynaptic and postsynaptic locations in dorsal horn neurons, as revealed by double confocal immunofluorescence stainings for synaptophysin and PSD-95. In addition, D2R/MOR co-localization was increased after SNL. Co-administration of 1 μmol/L quinpirole, insufficient per se to alter evoked potentials, dramatically enhanced inhibition of evoked potentials by MOR agonist DAMGO, reducing the IC50 value of DAMGO by 2 orders of magnitude. The present data provide evidence of profound functional and subcellular changes in D2R-mediated modulation of noxious input after nerve injury, including positive interactions with spinal MOR. These results suggest D2R co-stimulation as a potential avenue to improve MOR analgesia in sustained pain states involving peripheral nerve injury.